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(57) An improved printer (10) is provided that pre- 
dicts how many pages can be printed before the toner 
or ink cartridge (90) becomes empty, and also predicts 
how much time remains before this toner or ink cartridge 
(90) becomes empty. This prediction is based upon the 
previous printing history of the printer while using this 
particular toner cartridge (90). After measuring the 
quantity of toner left in the toner cartridge, the toner 
measuring device provides a "level change" output sig- 
nal when the remaining toner passes through a prede- 
termined gradation threshold. As each gradation level 
transition occurs, the printer (10) calculates a new value 
for the "pages per gradation" variable, and also calcu- 
lates the number of pages that have been printed since 
the lalesl cartridge was installed in Ihe printer, the 
number of pages printed since the last level or gradation 
change, and the number of pages or sheets printed be- 
tween the last two level changes. The printer (10) also 
can approximate the amount of toner used in printing a 
particular page of print media to create a Toner Tally for 
each printed page, which can be used to judge the 
amount of toner used for one print job and compare that 
to the amount of toner used for a second print job. 
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DeSCrlPti0n • nt *nd is oarticularly directed to a printer of the type 

•Lki* f mm the existing toner cartridge. „ rharaed ohotoconductive member at var- 

aVa, E.ect ^o9r"hic ^inters have been 

Seas of tne photoconductive — ^ ^ as pape , At this time, the toner „ deposed 

compter that is connected via some type of * *° ^ printer . it the user transmits a large print job 

demote printer, and may in tact be .ocated several ^^^"JS finding out that the printer ran out of mk or 
vTthe netwo k to this remote printer, the user may be « **^ d ^ js that the use r was not able to determine, 
toneHn the middle of this large print pb. The main reason ^ the prjnter , and tne user did not find th.s 

whHe sit ing at the host computer, that the toner level was about to exp* ^ ^ ^ the , oner 

predict how many pages wil, be f ,e to be prjnte. on the — ^^^^ f= 

Z can be pSed on this 5% statistic for an 8-1/2 x ^ depending upon the type of documents 

a „l, lia | usaoe this percentage could vary either greater or less man h black .|ine drawings may have 
Tctu .y Q P^L at a particular printer. For example J^^^^JLt from a word processor. Of 
Se a large amount of blank spacing, and may use un less toner tna ^ b<j g determinative 

qu.te a «™ e JT f the drawing | ines and the amount of detai on a pane dsneet or , ed g e r document, may 
1, ^ — the other hand, an a^^^^ e ? ln % , CS-n if the toner usage is a*ua» 

^z^^^^^^ 1 sin9,e printed pa9e wou,d be 9reater 

' estimate for a typical B-1/2 x 11 inch document. fjnd that tne 5 ° /o estimate will be 

documents For example, U.S. Patent 5,204,699 d.scloses ^ i prim ^ ^ jmage signa ,s. 

- r Ss p ^s^^ system vo,tase b,as ,evel 

U.S Patent 5,459,556 discloses a printer ^^^^ . These operator actuable settings include 

actuable settings can affect the toner usage, and *» » *J" n ™ tne toner consumption rate can be estimated 
thtcoVLst and the lighter/darker controls. Based on ^^ 

rrb^SraXt on . measurement of actual -er -age. ^ amount Q , toner be 

The existing conventional printers and copiers may have Mhe cap y ^ ^ remaining toner in an 

usee Zr page and may also be able to estimate ^"JJS ^al estLte of a certain percentage of toner 
exSng cartridge, however, these characteristics ™ ■J^J^^SoTct the future number o< copies that can be 
TseTper document printed. This is not the same as ™*™*9 ^ conventional printers and 

ds—rd^ 
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changes within the toner cartridge itself. 



iges wnnm ine loner wnnuyo hsoh. 

Accordingly, it is a primary object of the present invention to provide a printer that can measure an actual toner or 
ink level within the printer's toner cartridge, or inkjet cartridge, to predict the number of pages that can still be printed 
using that cartridge, or to predict the amount of time that will pass before the cartridge becomes empty, based upon 
5 the previous actual printing history. 

It is another object of the present invention to provide a printer that keeps track of the amount of toner remaining 
in the toner cartridge of the printer in predetermined graduations (or "gradations'), and refines its prediction as to the 
number of pages remaining to be printed before the toner cartridge becomes empty based upon the most recent history 
of toner usage versus the number of pages actually printed. 
10 It is a further object of the present invention to provide a printer that predicts how many pages can be printed using 

the remaining toner in the toner cartridge, or can predict how much time will elapse before the toner cartridge becomes 
empty, in which a scaling factor is used for each page being printed that depends on the print resolution of the pels 
being applied to the print media. 

Additional objects, advantages and other novel features of the invention will be set forth in part in the description 
is that follows and in part will become apparent to those skilled in the art upon examination of the following or may be 
learned with the practice of the invention. 

To achieve the foregoing and other objects, and in accordance with one aspect of the present invention, an improved 
printer is provided that predicts how many pages can be printed before the toner or ink cartridge becomes empty, and 
also predicts how much time remains before this toner or ink cartridge becomes empty. This prediction is based upon 
20 the previous printing history of the printer while using this particular toner cartridge. This previous history can also be 
maintained back to an earlier toner cartridge that was previously installed in the printer, to more accurately predict the 
initial usage rate of a new toner cartridge that is installed in the printer. 

Using a preferred apparatus to measure the amount of toner left in the toner cartridge, the printer of the present 
invention will display the approximate quantity of toner remaining in the cartridge on a screen of a host computer that 
2S is connected to the printer, either directly or through a network. The monitor screen of the host computer can also 
display the predicted number of pages remaining, based on the printer's previous usage history as described above. 
The toner measuring device preferably provides a "level change" output signal when the remaining toner passes 
through a predetermined gradation threshold, and depending upon the size of the toner cartridge and upon the time 
and date at which the level change was detected, the predicted number of pages remaining and the actual amount of 
30 toner remaining are more accurately updated upon reaching one of these predetermined gradation thresholds. As each 
gradation level transition occurs, the printer calculates a new value for the "pages per gradation" variable, and also 
calculates the number of pages that have been printed since the last cartridge was installed in the printer, the number 
of pages printed since the last level or gradation change, and the number of pages or sheets printed between the last 
two (2) level changes. 

35 The printer of the present invention also has the capability of approximating with good accuracy the amount of 

toner used in printing a particular type of page of print media. The printer of the present invention also takes into account 
the resolution (in dots per inch) being used to print a particular page, as this affects the amount of toner used to print 
a particular pel or slice of a pel. 

Still other objects of the present invention will become apparent to those skilled in this art from the following de- 

40 scription and drawings wherein there is described and shown a preferred embodiment of this invention given by way 

of example only. . * * 

The accompanying drawings incorporated in and forming a part of the specification illustrate several aspects of 
the present invention, and together with the description and claims serve to explain the principles of the invention. In 
the drawings: 

45 Figure 1 is a hardware block diagram of the major components used in a laser printer, as constructed according 

to the principles of the present invention. 

Figure 2 is a hardware block diagram in partial schematic of a portion of the ASIC device used in the print engine 

of the laser printer of Figure t. 

Figure 3 is a flow chart depicting the logical steps taken to determine a "page toner tally" of a particular print job 
so that is being printed by the laser printer of Figure 1 . 

Figures 4A and 4B represent a flow chart depicting the logical steps taken to determine the type of print cartridge 
that has been installed in the laser printer of Figure 1 . 

Figure 5 is a flow chart depicting the logical steps taken to determine which toner level is to be reported by the 
print engine to the imaging system of the laser printer of Figure 1 . 
55 Figures 6A-6C are flow charts depicting the logical steps taken by a host computer that is in communication with 

the laser printer of Figure 1 , and which receive data from that printer so that the toner level and toner prediction infor- 
mation can be displayed on a monitor at a host computer. 

Figures 6D-6E are flow charts depicting the logical steps performed by the rasterizer portion of the laser printer of 
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is illU stld in the accompanying drawing, ^^rZ^^^ a .aser printer generai.y designated 
Referring now to the draw.ngs, F,gure 1 shows a na ™ a ; jn relatjve | y stan dard components, such as 

by the eference numeral 10. Laser printer 10 ^^^^^ e K a rrlcroorocessor 14 having address 
^Cpowejsupp^ 

Laser printer 1 0 will typically also contain at lea J^.^J ^esLated by the reference numeral 18 for the senal 
of input ports (as well as othertypesof ports ,n ^^^S^m 18 and 20 would be connected to a corre- 
a J I the reference numeral 20 for the parallel port. Each ot tnese p 18 would typically be 

^dn^ 

connected to a serial output port of a personal compute ° a wor ^ sjmjlarly , parallel port 20 could also 

1 . • ♦ h, .ffpr ?2 it is commonly communicated to one or more 

1 once the text or graphics, data has '^^^^^TSU^-. «** - industry 
interpreters designated by the reference ? u ™^* "J^J* J a is typically sent to a common graph.cs eng.ne 
ard used by most laser printers. After be.ng interpreted I the inpu I oa VF ^ Qn Rgure v To 

to be raste" zed, «hk» typically occurs in a ^^J^f^ ni cac he is stored, respectrve.y, in ROM or 
soeed up the process of rasterization, a font pool and poss bl r aso , & ^ ^ F(gure 1 

S B P AM Jhin most laser printers, ^^m^ 

Such font pools and caches supply bitmap patterns tor com h - ed tjmg 

^nl TO^an easily translate each such character into a bitmap using a g n Qf RAM 

^ Onc^ t h e d^ L been rasterized, it is directed ^^T^Z^ rasterized data is stored in the 
desisted by the reference numeral 8* hardcopy for that page. The data withh the 

queue manager during the time mterva. ^^J* JfJ^n J J, a prin t engine designated by the reference numeral 

of paper, which is the final print output from laser printer 0 d in buses , and whichare physicalfy 

Itwiilbeunderstoodthattheadd^ 
communicated in parallel (sometimes a.so mutt pie xed) ££££ ^ buses are ^.ly sent to all ROM and RAM 

varies ha^e components of the print engine. ^^[^^IZ 52 and called the HSYNC 
HSYNC" signa., which is received from an optica. en ^ eS ^2 sweeps or "scans" across a "writing line" on 
sensor The .aser light source 48 generates a ^ *^ b ,ackor white print elements (a.so known 

a photoconductive drum (not shown), thereby creating a raster line o sweeps across HSYNC sensor 

as "Dels") As the laser light scans to create this raster line he J ser ^ HSYNC sensor 52 along a l.ght 

£ itthebeginning of each sweep or scan ^^X?;. This produces an electrica. pu.se output 

path - irs^sss^^ r c — t^ * a S . c 40 by . « - 



frequent time interval. 
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As the print data in bitmap form arrives at print engine 36, it is transferred to ASIC 40 via a parallel data bus. and 
once inside ASIC 40, is further communicated by a set of parallel data lines 42 to a shift register/counter circuit des- 
ignated by the reference numeral 60. The details of shift register/counter 60 are provided in Figure 2. 

One output from shift register/counter 60 is a serial data signal line 44 that transmits the print data to the laser light 
5 source 48 Other outputs from shift register/counter 60 include the most significant bit (MSB) of the counter at a data 
line 72, and the actual count value from the counter at a series of parallel data lines 62. Another input to shift register/ 
counter 60 is a "clear MSB" signal 74 from the microprocessor 70. Still another is a "clear count" signal 75. 

The parallel data lines 42 into ASIC 40 bring bitmap print data to a video shift register, designated by the reference 
numeral 80 (see Figure 2). It is preferred that the parallel data lines 42 be at least eight (8) lines wide, so that this "bus" 
10 can hold at least one entire data byte of bitmap print data. Video shift register 80 is driven by a "subpel clock" designated 
by the reference numeral 76. The bitmap data is passed to edge enhancing logic which generates a slice map of data 
which is used to control the laser for each pel of the bitmap. In the preferred mode of operation, each pel of bitmap 
print data is divided into at least eight (8) "slices' so that the darkness or "gray" level of each pel can be at values other 
than a pure white pel (having a value of Logic 0) or total black (having a value of Logic 1 for all slices). If there are 
is eight slices per pel, then it would be sufficient for there to be only eight (8) data lines in the data bus 42. 

Assuming that there are eight slices per pel, then the subpel clock frequency at the line 76 would be a frequency 
eight (8) times greater than the data rate frequency needed to print a single pel of print data. Upon each subpel clock 
transition, the parallel bitmap print data for a single pel will be translated into a serial data format, and this serial data 
will be clocked out of video chip register 80 at the subpel clock 76 frequency rate, along data line 44 to the laser 48. 
20 Video shift register 80 also produces a parallel output at data lines 82 on Figure 2, and these parallel data lines 

are directed to a multiple input OR-gate, designated by the reference numeral 84. The parallel outputs on lines 84 are 
latched for a sufficient time interval until the entire pel has been processed through the video shift register 80. If the 
entire pel currently being transferred through video shift register 80 has zero or "blank" data, then the output of OR- 
gate 84 will be at Logic 0 on data line 86. On the other hand, if one or more of the slices for the current pel being 
25 transferred through video shift register 80 is set to Logic 1 , then the output of OR-gate 84 will currently be at Logic 1 . 

This output line 86 from OR-gate 84 is directed to an n-bit counter, designated by the reference numeral 88, as 
the "count enable" input. Another input to n-bit counter 88 is a "pel clock" 78, which runs at a frequency equal to the 
time period necessary to print an entire pel via the laser 48. After the entire group of slices for the current pel are 
transferred through video shift register 80, the pel clock 78 will make a transition so that the count enable input will 
30 either cause n-bit counter B8 to increment, or to remain at its present count value. This depends upon the logic state 
at the count enable input, due to the logic signal on data line 86. If at least one of the slices of the current pel had a 
Logic 1 state, then the count value will be incremented at the outputs of n-bit counter 88, and these outputs are com- 
municated to a parallel set of data lines designated by the reference numeral 62. 

In the prelerred embodiment, the n-bit counter 88 is set up to have twenty (20) parallel output bits, which is large 
35 enough to count a sufficient number of pels so that in two (2) software sampling periods the counter will not overflow. 
Before a page is printed, the entire counter 88 is cleared by microprocessor 70 by pulsing at the "clear count" signal 
75 and microprocessor 70 clears an internal counter. While a page is being printed, the system operating software 
will sample the most significant bit (MSB) at signal line 72 of n-bit counter 88. If this MSB data line 72 is set to Logic 
1 the operating software at the microprocessor 70 will detect this signal and send out a "Clear MSB" signal along the 
40 data line 74. In addition, the internal counter in microprocessor 70 will be incremented, while the Clear MSB signal 74 
is input to n-bit counter 88, which then resets the value of its most significant bit output to Logic 0. 

If the MSB of the n-bit counter 88 at line 72 remains at Logic 0, then microprocessor 70 does not send a Clear 
MSB signal along data line 74. Regardless as to the status of the data lines 72 and 74 : all of the other output bits in 
the n-bit counter 88 are left unchanged. If the Clear MSB signal at data line 74 is activated to Logic 1 , then the count 
45 value at the output of n-bit counter 88 is reduced by the value of 2". Once the end of the printed page is reached, the 
operating software handles the MSB as usual, multiplies its accumulated count by 2", and adds the value at the output 
bits 62 to produce a value which represents the total number ol pels on this page which had at least one active slice. 

Using this scheme, it is important lhat the counter 88 not be allowed to wrap around more than once before the 
microprocessor 70 has a chance to accumulate the count and reset the MSB (i.e., output bit 72) to prevent a counter 
50 overflow a second time. The preferred 20-bit counter 88 provides sufficient counting capacity for an eleven-inch writing 
line at 1 200 dots per inch (dpi). It will be thus seen that the counter for the present invention is implemented by hardware 
in part and by software in part, in which the most significant output bit from counter 88 is repeatedly reset by micro- 
processor 70 as needed, while the lesser significant output bits act solely as a hardware counter, and this scheme 
thereby reduces the cost for an otherwise much larger hardware counter. It will be understood that other methods to 
55 manipulate various hardware counter inputs and outputs can be controlled by microprocessor 70 without departing 
from the principles of the present invention. 

On Figure 1, the reference numeral 66 refers to a data bus within print engine 36 that interfaces between micro- 
processor 70 and ASIC 40, and which carries the count information from counter 88 at the proper moments. Also on 
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ink or toner for any type of ink ,et or laser P"^^^,^. 36. A toner level detecting device, disclosed 
ievelvalue. which wi» then be transferred states patent Number 5,634,! 69, 

in United States Patent Appl.cat,on Senal N ^^^Lw^t invention. As used herein and in the claims, the 

controls the on-off signaling of ^^^^V^^^^ information and applies a print resolution 
ulation as an "on-pel." The print eng.ne conUol ™* £ b|e to a nost comp uter. The proper use of th.s 

scaling factor to the data, and th.s ^^Z^ZTo^ ^L toner cartridge empty prediction, 
information can increase the accuracy of the per P^ 0 ^^^ 0 ' ^ a per pag e basis, which allows for the 
in the illustrated embodiment, the ^.^^^^^S^r^V^ estimates. In previous 

sent to the host computer for capture into a stat .st cs da * ™ e - ^ g c risons 1rom user to user on 

track toner usage of this printer in the font , o ' '.^ °™ CC umu.ate S the "on-pel" count at the end of 

a given printer using a given pnnt toner cartage ^ As th e pnnt eng ^ ^ ^ R|p ^ ^ ^ 

each page, also designated as the "Toner Tally, the ra« noner y represented by a four byte value, 

Processfng system of ••^^"^^I'Sl informed of the resolution for this 
with each increment represent.ng one pel at theg* en ^ a8 a ^ number multiplier. Once 

particular printed page, and will scale the raw toner tal by a count js accumulated for a job, it will 

page (in a normal Print Area Mode). nrin , inn n< a nrint iob the resultant thirty-two (32) bit cumulative 

P Aft e rtheRIPaccumu.atesthepageta,..esdur.ngthepnnt ^^Jd^ the prjnt job . These calculations are 

va.ue is sent to the host computer that .. T™J 5 Figure 3. starting at a function block 200, the 

performed using the 'oj^P^.^ "ero. a ^^^dle print ob begins printing. The variable "High Count" is 

Next, a function block 202 waits for an ^TJ^^*^ SSS^ounlJf 88 (i.e., its output signal 72) is 
is directed to a decision block 204. At deas.on block 204 the upper bit ^ ^ ^ ^ ^ 

b ^^~*^°s NO, the ^ 

to a function block 212. raiculated and is based on both the "high count" and the 

At function b,oc k 21 2, a variable named Total Count -s canted, and ^ ^ ^ ^ ^ tQ Log . 

count value of the hardware counter 88. f the h^h brt of the ™™ M 2Q6 and zeroes tne high bit of 

1 , then the system software .ncrements the coun ^valu e-n the RAM a ^ ^ Thjs ^ js 

^ TheS - is now directed to a series of decision ^ f—S 
particular printed page. If the resolution was 300 dp, ££££ ^his page was 600 dpi, then decision block 218 
216 that sets the resolution scale ^ctor toeight (8) .If the resofu 1 °" to p « four (4) |f tne res olution for this 
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above, then the logic flow is directed out the NO output from decision block 226, and the resolution scaler will default 
to the value one (1). 

The logic flow is now directed to a decision block 230 which tests to see if the 'Toner Saver function has been 
turned on. If the answer is NO, the logic flow is directed to a function block 232 which determines that the percent 
s scaler for toner usage is to be based upon the "print darkness* variable. It is preferred that the print darkness scaler 
be set to 100% if the print darkness has been set to "normal." On the other hand, if the print darkness value is set to 
"darkest* the scale factor is preferably set to 119%. if set to 'dark' the scale factor is preferably 106%, if set to "light" 
the scale factor is preferably set to 94%, and if set to 'lightest" the scale factor is preferably set to 79%. 

If the "Toner Saver" feature is turned on, the logic flow follows from decision block 230 to a function block 234 that 
io sets the percent scaler to a known "Toner Saver Scaler" value. It is preferred that the scale factor be set to 61% if the 
Toner Saver function has been turned on. 

The logic flow now is directed to a function block 236 that sends the total count, percent scaler, and resolution 
scaler to the RIP image processing portion of the printer. After that has occurred, the RIP performs the page toner tally 
calculation at a function block 238. This page toner tally is equal to the equation: 

15 

{[Total Count * (% Scaler/100) * Resolution Scaler] / 12,228} 

It will be understood that the resolution scale factors at lunction blocks 216, 220, 224, and 228, are related to the 
20 actual resolution of a particular prinler that is using the present Toner Tally invention. At (unction block 21 6, the typical 
resolution scale factor would be sixteen (16) for a pure 300 dpi mode; however, in the preferred mode of the present 
invention, the ASIC actually converts 300 dpi into a 300 x 600 resolution, and the scale factor therefore is only eight 
(8) At function block 224, the resolution scale factor is equal to two (2) because the "algorithmic" 1200 dpi mode is 
actually a resolution of 600 x 1200. It can be seen that any resolution can be used with the present invention, and the 
25 scale factor would be adjusted accordingly. The same is true with various values for print darkness scaling factors. 

The "Toner Saver" feature preferably uses a combination of dithering of internal black areas and a duty cycle 
reduction on non-internal black pels to reduce the amount of toner used in a print job. The numeric value for the toner 
tally that comes out of the low level calculation and, with the addition of the resolution scaling and Print Darkness 
adjustments, needs to be further adjusted to take into effect the toner savings. The type of page printed would have 
30 an impact on the true amount of toner savings at the cartridge level, however, generally speaking it is sufficiently 
accurate to use a percent reduction of the total count across the board for all types of printing applications without 

incurring significant error. - * u 

It will be understood that a more precise calculation of toner usage could be had by merely summing the exact 
amount of slices being printed instead of counting the number of pels that have at least one non-zero slice in each pel. 

35 To perform this calculation, with reference to Figure 2, the serial output on signal line 44 to the laser could additionally 
be communicated to the input of an n-bit counter, such as counter 88. This would eliminate both the OR-gate 84 and 
the parallel signal lines 82. Of course, it will be understood that the n-bit counter would have to be several bits larger 
in size to hold all of the data, since the number of slices being printed on a particular page will be greater than the 
number of pels being printed for that same page. One other change in the diagram of Figure 2 to implement this more 

40 accurate Toner Tally circuit would be that the "subpel clock" 76 would also be directed to the clock input for the n-bit 
counter, rather than the pel clock signal 78 shown on Figure 2, however, the high speed of this signal may be taxing 
on all but the smallest die size ASIC. 

In another aspect of the invention, the amount of toner (or the ink level) within the cartridge is measured and, 
based on previous printing history for this cartridge, the number ot pages that still can be printed using that cartridge 

45 or the amount of time that will pass before the cartridge is empty is calculated and displayed at a host computer. At 
the print engine level, once power has been established (i.e., upon a Power-on Reset), the print engine queries the 
RIP for the last toner level detected. The printer will then determine whether or not to send the toner level to the host 
computer, or to send an "unknown" data value to the RIP. This "unknown" slate will not cause the RIP to store any new 
information, but will flag the condition that the print engine currently is not sure of the level, and the host will handle 

50 this condition appropriately. 

The printer must also read the cartridge configuration, which includes the capacity or size of the toner cartridge. 
Once the cartridge has been inspected, the print engine will inform the RIP how many levels or "gradations" that can 
be reported concerning this particular cartridge. This information is stored in EE PROM by the RIP 

The flow chart of Figures 4A and 4B shows the logical steps to inspect the toner cartridge. Starting at a function 

55 block 1 00, the printer has just either started up, or the cover was recently opened. The logic flow travels to a decision 
block 102 which determines H the cartridge detecting sensor shows an open slot (not shown). If the answer is YES, a 
decision block 104 determines whether or not the slot has been opened for longer than a time interval that is set by a 
variable named "CARTRIDGEJDETECT." If the answer at decision block 104 is YES, then a function block 106 reports 
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. ■ -NO CARTRIDGE" installed in the printer at this time. H the answer at decision block 104 was 
T^^^^^^^^ , 0 . ^ „o thai - 

"ENCODING_DETECT°, and if thec ^ e ^^f^Xwas foC On the other hand, if the numeric code is less 
block 112 will determine that an incorrect block 114 will measure the width ol each slot, 

than or equal to the variable ENCODING *«, a will end with a determination that a correct 

Function block 114 beg.ns a subroutine, or a , senes , of fun ct.o gtored ^ non . vo , ati|e memory . 

toner cartridge has been installed in the .printer.; a " d between 
Starting at a decision block m the width is ^•JJ^^^^ flow is directed back to function block 114 

f,ow is directed to a function b,ock 118, means 

and the steps to the trailing edge of the slots a ' e t ^^^^ slots in the wheel of the preferred 

(7) bits have been detected, which '^^^^^S^^IvrM block 114. If the answer is NO, 
oner measuring device. If the answer ,s YESMhelog* ^ ow ^ rec whether Qf not redundant w j nd0 ws have been 

variable value having the variable name ^i^^^Li lo a decision block 1 28 that determines if the 
to function block 114. If the answer is YES, the logic flow . d bacR tQ f unction block 

variable »M.N_STOP" is less than the slot "^^^^^Jl** ,ogic flow to Figure 4B. 

1 20 on Figure 4A. «,,nMir>n Nock 1 34 which generates a final code from the 

From function block 1 32, the togic flow is directed to a lunct on ' 1 ^ the fjna| code register ed 

previous code registrations. The logic flow oHhe printer. 

from a table. At a function block 1 38, this code is then <g^££*** whether or not the code is the same that 
The logic flow is now directed to a decision block 1 4a ^J£JJ. random access memory or NVRAM. If the 
was previously stored in non-volatile memory, P'^ a ™ ,, j; , hjs subroutine . If the answer is NO, the logic 
answer is YES, the logic flow travels to a function this same code has previously been read 

flow is directed to another decision block 142 that d ^ e ^^ for {uture comparisons the code that has been 

once before. If the answer is YES, ^^^e^Sc^k 46. If the answer is NO at decision block 142, 
read twice, and the logic flow is directed o the JJ^J* ° n ° f , ow back to function block 114 on Figure 4A. 
then the logic flow is directed to a letter C which d , rec ts ™ J* ^ dation leve , during the process of 

The print engine also performs the operational steps toJJJ-^ 9 more than two gradatl0 ns from the 

printing a page. During one of the determina tions^ . lt als * report s a four*yte "Toner Tall/ for 

:xr^ can pertorm the final Toner Ta,,y ™ usin9 ,ts 

^e°ZSZ« -wingthe operational 

,o be reported to the RIP. Starting at a >^ "J^^ variable named "OLDLEVEL." In an alternative 
receives from the RIP the last level that was but its cover had been opened. At a function block 

sTthl^ 

read. If the answer is NO, the logical flow ^^^££^^0^ information to the RIP. It will be 
the logic flow is directed to a function bloc* 322 mat js Asking in nature, and the above - DO- 

understood that the processing system of ^f^" <* the printer while waiting to read a cartridge 

toop- at decision block 320 does not literally lock up £J operating steps for this particular flow chart, 

configuration, but is merely used as an indicat, " "^^^rrrtned a'a decision block 330. Again, it will 
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this decision block's operation. Once there is a page to be printed, the logic flow is directed to a function block 322 that 
prints the page and sends the page "Toner Tally" to the RIP. The next logic step is at a decision block 334, which 
determines whether or not a toner level is available. In general, the actual level of the toner cartridge must fall from its 
full condition through at least one gradation level before making any toner tally or page remaining predictions. If the 
5 toner level is not available, the logic flow travels out the NO output back to decision block 330. If the toner level is 
available, the logic flow is directed to a decision block 336 that determines if the toner level that has been read is less 
than or equal to the "Toner Low" point. If the answer is YES, then function block 338 reports a "toner low" condition to 
the RIP 

If the answer at decision block 336 was NO, then the logic flow is directed to a decision block 340 that determines 

10 if the most recent toner level that has been read is either less than the previous level (i.e., the variable named "OLD- 
LEVEL"), or is greater than the quantity {OLDLEVEL + 2}. If the answer at decision block 340 is YES, the logic flow is 
directed to a function block 342 that sends to the RIP the level value that presently exists in the variable "OLDLEVEL. 
" If the answer is NO at decision block 340, then the logic flow is directed to a function block 344 that sends the current 
level that was just read to the RIP After that occurs, a function block 346 sets the value of the variable OLDLEVEL 

is equal to the most recent level that was read. 

In the preferred embodiment, the print engine 36 interfaces with the toner cartridge 90 via data signal lines 92 and 
94 (see Figure 1 ). The output signal from the toner cartridge arriving on signal line 94 will be indicative as to the amount 
of toner remaining in the cartridge, as previously described. This information will preferably be proportional or nearly 
proportional (i.e.. some type of linear relationship) to the amount of grams of toner remaining in the cartridge 90. The 

20 print engine calculates the amount of remaining toner and determines which "bucket" corresponds to the amount of 
remaining toner. The term "bucket" herein refers to which one of the gradations of remaining toner for this cartridge 
most nearly corresponds to the calculated amount of remaining toner in grams. To properly determine which bucket 
or gradation should correspond to the actual physical condition of the toner cartridge, the print engine must first know 
the configuration of this cartridge, as per the flowchart of Figures 4A and 4B. In one laser printing system manufactured 

25 by Lexmark International Incorporated, there are three (3) different toner cartridge sizes available for a single printer 
family. These three toner cartridge sizes correspond to a calculated number of pages that can be printed and in these 
three categories the cartridge sizes are 4K (corresponding to 4,000 pages), 7.5K (corresponding to 7,500 pages), and 
17.6K (corresponding to 17,600 pages), all at 5% coverage. 

In the illustrated embodiment of Figure 7 depicting a monitor screen 500 that shows a display in graphical or 

30 analogue form of the toner remaining at reference numeral 504, the toner gradations or buckets are divided into one- 
eighth intervals, much like a gas gauge in an automobile. For example, in the 7.5K toner cartridge, each one-eighth 
interval represents approximately 1 ,000 pages that can be printed (at 5% coverage). In the illustrated "gas gauge" 504 
on Figure 7 the amount of toner above the "1/2" gradation mark at reference numeral 510 represents the half-empty 
point of a 17.6K toner cartridge. In both cartridges (i.e., the 7.5K and the 17.6K), the gradation levels run between the 

35 values of zero (0) and nine (9). When the toner cartridge is new, the gradation level reported by the print engine is 
equal to "9/8", which means that the needle 51 2 on Figure 7 should be pointing at the "full" gradation mark 508, which 
is the ninth mark on the gauge. 

For the 7.5K cartridge, the use of toner is nearly linear as the gauge needle 51 2 begins to fall on the display 504. 
For the 17.6K cartridge, however, the half-empty mark at reference numeral 510 is not reached until the cartridge is 

40 over half-empty, which occurs when there are approximately 7500 pages left to be printed (at 5% coverage) from this 
large toner cartridge. When that occurs, the gradation level reported by the print engine will be equal to "8/8". While 
at first glance it would seem that the print engine is reporting a completely full cartridge when the value is 8/8. what 
this actually represents is the eighth gradation level out of the range 0-9 possible gradation levels, and for the large 
17.6K toner cartridge of the preferred embodiment, that represents the half -empty point. 

45 For the smallest toner cartridge, having a 4K rating, the possible levels to be reported are in the range of 0-5. 

When the cartridge is new : the level reported will be "5/4", and each gradation level below that will represent approx- 
imately one-fourth of the capacity of this 4K cartridge. It can be seen that, once in the active range of toner depletion 
of each loner cartridge size, each gradation or bucket level represents approximately 1,000 pages remaining at 5% 
coverage to be printed by this cartridge. 

so When the cartridge is so full of toner that the level reported is "9/8" or "5/4", no prediction can be provided based 

upon actual printing history of this toner cartridge. The printer must wait until reaching a level which is two gradations 
away before making any predictions. That is not to say that a numeric value for pages remaining could not be displayed 
on the monitor screen shown in Figure 7, and if pages remaining were to be displayed, the number of pages remaining 
while the toner cartridge is still nearly full could be based upon either a 5% page coverage estimate, or on the actual 

55 printing history of a previous cartridge. If this printer had already been used with a previous toner cartridge, then there 
would be some history of toner usage from which a prediction could potentially be based on, and that same predicted 
usage could be used even with a brand new cartridge, after which that calculation would be refined upon reaching the 
next lower gradation or bucket level of remaining toner. This is an optional feature which, depending upon the circum- 
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stances, of the usage cf the printer, may not ^es^n an d through and report ed by 

As the toner level continues to decrease, and more of 9™*[ ^ in determining the average toner usage per 
the print engine, then the more accurate the actual pr ^9 J^^^^^Mon. Ln be made erther 
page as well as the predicted number of pages ^^^ S ^Sn \u!x could predict the number of days before 
at the printer or at the host computer, as well as n ^J^SSl «lu.. the calculating device must know the 
the toner cartridge runs out of toner or ink. To capiat e this as t predate . ^ & ^ ^ ^ ^ 

real time that the toner level passed through ^^^^^^ peters do not contain a real time clock, 
this calculation can be performed at the P"«^J^^^ ^"^Sriy occur, the host computer must be 
it is preferred that the host computer make th,s « teul «^ F " "^^^ ^ printe r. especially the particular 
running a computer program that is enabled to receive *^^SZtTnJ b een 'reached. In the preferred 

Tb==^^ 

in other words, running with a "minimized- lcon w, " dow - Qradations tnat are supported by a printer and a given toner 
,t will be understood that the number of ^^^^^^^ Slather than the 0-9 or 0-5 discussed 
cartridge can be designed to ^ * "J^^J^^JnLi a major impact in deciding how many 
above. The available P' e f ,on ° f ^ 

gradations there ought to be so that each grada on t , could nave its number of gradations 

physical quantity. It will also be understood that »he tergertone car * vo)ume |n the 17 6K toner cartrid g e 
leased, but could also add gradation* ; to cover ^g^JZ^**^** half-empty point. When that 
related above, the toner level a ^ 8 »"^* 8 ?®* " e " e r e p orting system could have been made to report higher 

r, a ^^^ 

va ,id toner level reading, it will pass ^^Z l^Z^ many sheets of print media have been printed 
ZZZ ^g^^cSS. ESETi — providing a quanti* or numeric value of 

^^^^^ 

of a toner cartridge, the RIP will use the test ^J^^^^^^J^^ If there are deferences 
thenextprediction. The result of .hat ^averag.ng wHH be ^ a ^^Seal 1 the next transition occurrence will be 

^E^TS^^ — ^ PredlC,ed " 

pages per gradation. This first transition by itsel ^™Xvate ^'° r « ^ S s P et , to zero (0) , and these error con- 
sizes. Under certain error conditions, the predicted pages P e ' ^ than the previ ous level, or the level 
ditions include situations where the .eve, ^^^^ p ^3ld .eve., or the level reported by 
reported by the print engine is more than two (2) levels less man ine p cj r Cums tances, upon a level transition 

the print engine is equal to the {number of ^^^^^^^Z^» Leve'l" + "Sheets Printed 
the predicted pages per gradation ,s set equal ^^^J^^ p revi ous Leve. is set equal to the Sheets 
Since Last Transition") / 2} In addition, the value of the Sheets Pnnted l on the ^ ^ 

Printed Since the Last Transition, and this value is ^^^^^Z ,„ the printer's EEPROM. 
the host computer. The Sheets Printed Since Last TnMor ' £j£ R|p |eve , in ? ne printer . This inc .udes 
,t is preferred that certain important 'ntormat.on , be ^^^^U.T), which is a count representing the 
the following functions or variables ( 1 ) Start. P™£^~ ^ T a ^^J' coynt wnen tne prjnte ,s page 
number of pages printed since the ^Z ^G) lich is calculated by the RIP when a toner leve. 

count is updated); (2) the Predicted Pages Per Gradatior , (HKfa) ■ " program, this information will be 

change isreported-if a host computer is attached running ^^^^1^^ cartridge Capacity, which 
written to the host and may inc.ude more accurate prediction inform ation^ (3 JJ, ed Level , 

is information written «^ p ^^ SnTlSS-ng! W « - Transition 

which is information written by the RIP wh « n tne P '™' red ., ne R ,p zero s this value when a level change occurs, 
°StiS^1^~"^Z^ - <6. -RKV,S,ON Indicator, 
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is information the printer's RIP supplies to the host computer's MARKVISION program-this information is used by the 
host computer to communicate identifier codes and age to other host computers to avoid having a "less experienced- 
host corrupt the Predicted Page Count; (7) Toner Cartridge Sheet Counter, which is a true page counter that is written 
by the printer's RIP on completion of every print job-this value should be reset whenever a cartridge has been changed, 

5 and it should be read by a host computer running MARKVISION to show an actual page count for a cartridge; (8) Date 
of Previous Transition (DPT), which is not reset upon a new transition of the toner level-this information is needed in 
case a host running MARKVISION was not running when a transition occurred, so that the predicted days left can be 
estimated immediately by a new instance of a host running MARKVISION, and when a valid transition occurs, the 
printer's RIP moves the "Date of Last Transition" into this memory location; and (9) Sheets Printed on Previous Level 

10 (SPPL), which records the number of sheets printed since the previous level transition. 

While many of the important functions of the present invention occur at the printer, it can be seen from the above 
information that a host computer running a printer utility program such as MARKVISION, manufactured by Lexmark 
International, Incorporated, is also very important as far as transferring information to a human user of a printing network 
or directly connected printer. On Figure 6A, a flow chart is depicted showing the initialization routine used in a MARKVI- 

75 SION computer program concerning the Toner Prediction feature. Starting at a function block 400, the initialization 
begins by directing the logic flow to a lunction block 402. where the host computer will register for "Toner Prediction 
Alerts " After that has occurred, a function block 404 will register for "Job Accounting Alerts." 

At a function block 406, the host computer now receives the toner value from the printer, and at a function block 
408, the toner values are processed. After that has occurred, the end of the initialization procedure is reached at a 

20 function block 410. Function block 408 actually represents several important logical operations, which are described 
in more detail in Figure 6C, and discussed hereinbelow. 

Figure 6B depicts the flow charts for processing Job Accounting Alerts and Toner Prediction Alerts. Starting at a 
function block 420, a Job Accounting Alert begins by receiving the current values from the appropriate printer at a 
function block 422. At a function block 424 the toner values are processed, and this function block is actually a series 

2B of logical operations discussed more fully in connection with Figure 6C. The end of the processing of the Job Accounting 
Alert occurs at a function block 426. 

At a function block 430, the beginning of the processing for a Toner Prediction Alert directs the bgic flow to a 
function block 432 that processes the toner value. These operational steps are described in more detail in Figure 6C. 
The end of the processing for a Toner Prediction Alert occurs at a function block 434. 

30 On Figure 6C, the detailed steps for processing toner values is depicted, starting at an initial function block 438. 

A decision block 440 determines whether or not the Predicted Pages Per Gradation (PPG) has been set to zero (0). 
or if the Current Level (CL) is unknown. If the answer is YES, a function block 442 will set the Current Level equal to 
"unknown" status. If the answer is NO, a function block 444 will calculate the "Days Before Empty" (DBE) and "Predicted 
Pages Left (PPL) variables. The graphic user interface (GUI) is now updated by a function block 446, so that the human 

35 user at the host computer may see the most recent data. After that has occurred, this subroutine comes to an end at 
a function block 448. 

Figure 6D depicts a flow chart of the logical operational steps performed by the printer's RIP upon the transition 
of a toner level at the printer. Beginning at a function block 450, a new toner level transition has just occurred. At a 
decision block 452, it is determined whether or not the level transition was for a valid new level. If the answer is YES, 

40 the logical processing continues under normal circumstances. If the answer is NO, then a function block 454 sets many 
of the variables in the system to certain predetermined values. For example, the "Page Count when Cartridge Installed" 
variable (PCI) is set to the value of the "Current Page Count" (CPC). In addition, two (2) other variables are set to the 
Current Page Count, and these variables are the "Page Count at Start of Current Level" (PCCL) and the "Page Count 
at Start of Previous Level" (PCPL). m a 

45 Function Block 454 also sets several variables to zero (0), including the variables "Predicted Pages per Gradation 

(PPG) the "Date of Last Transition" (DLT), and the "Date of Second to Last Transition" (D2LT). 

If the result at decision block 454 was YES, a function block 456 sets the value of D2LT equal to the value of DLT 
(Dale of Last Transition). After that occurs, function block 456 zeros the value of DLT. A function block 458 now cal- 
culates an updated value of Predicted Pages per Gradation (PPG), which is actually a series of logical operations that 

so are described in greater detail on Figure 6E. 

A function block 460 now sets the variable PCLP (i.e., Page Count at Start of Previous Level) equal to the variable 
PCCL (i.e., Page Count at Start of Current Level), and after that sets the value of PCCL equal to the variable CPC (i. 
e., the Current Page Count). A function block 462 now generates a Toner Alert, which tells the host computer to change 
its "Gas Gauge" level accordingly. A function block 464 now is reached, which is the end of the Toner Level Transition 

55 Subroutine. tn r**\ 

Figure 6E shows the details of the logical steps to calculate the Predicted Pages per Gradation (PPG), starting at 
a function block 468. At a decision block 470, the Page Count at Start of Current Level (PCCL) is tested to see if it is 
equal to the Page Count at Start of Previous Level (PCPL). If the answer is YES, the logic flow is directed to a function 



11 



SDCCID: <EP 0878747A2_I_> 



EP 0 878 747 A2 



20 



25 



30 



35 



b ,oc k 472 thai sets me Predicted Pages per Srad = (PPG tQ see jf the Predicted Pages per 

„ the result at decision block 470 was NO then a <*^™£ then a function bloC k 476 sets the value 
Gradation (PPG) variable was already set to ^f^^^.poo^ If the answer at decision block 474 is 
of the Predicted Pages per Gradat.cn (PPG) e qua Gradatjon (PPG) equ al to the quantity. ([(PCCL 

host computer, it can be seen that the host ^computer in ^ apd trg P ck the total pages printed for a 

changes from the printer by "arming" for Toner Aterts Jhe ^ Wl ^ £ ^ jnter wjl , accept and traC k 

particular cartridge, will record and save the dale ° e ^ 
theamountof toner used perjob (if the"JobAccoun^ 

file for later processing by the user. The ^^^^SfSSr host computers running MARKVISION via 
in the currently installed toner cartndge, and w. " ~™ n " n ^^ r experience d" MARKVISION running at one host 
the printer's NVRAM, so that the P™^^^"JLj^^ computer residing on the same network that 

ruS~s^ * ~ - — manner to a user at ,he host 

numeral 500, that shows the important ^ on, ^^^^Z^inS 9 in the cartridge, and a bar graph indicating 
analogue indicator or 'gas gauge' ' n ^ B,, ^^^^^ of the printer's usage of toner or ink. These 
the estimated sheets or pages rema.n.ng, ^"^^^^ tne print engine detects a transition from 
estimates are updated on a job-by-job bas.s, and are related when P ^ ^ (ppQ) ^ 

gradation "n" to gradation "n-1 When that will add the number of pages left after 

s=sr — ai 520 These d,sp,ays are broU9M up 

when the "Toner" tab is selected, as shown at reference numeral so* >Fur mafk 5Q8 

" On the toner gas gauge 504, the gradation marknigs range fo^ ^^ numMl 5l0 . On Figure 7, the toner 
The current .eve. is indeed -tha need* , 51 Zand the ^-nd^ ^ ^ ^ ^ 

gas gauge 504 is displayed for a 17.6K Mrtr, ° 9e ' 7' cn ' remaining or toner remaining status, 

mark 508 and the "1/2" mark 120, as to any ^ P^^^^umeral 514. which is equal to the size of the 
The type of cartridge is depicted .n a small display ** e displayed at reference numeral 516, which is 

cartridge, in this case 17,600 pages (at 5% ^^^^J,^™** button is provided at reference 
the actual number of pages printed from th.s toner cart , dg e up to this^o-nt. A ^ ^ ^ ^ ^ . & 

numeral 518, which is to be manually operated on (by clicking 

installed in the printer of interest. predicted quantity, and the minimum and maximum 

On the bar graph 520, the pages remaning pan atom a a . pn* c q y ^ ^ ^ ^ ^ 

values for the large 17.6K cartndge are shown as I500 °<^au ^ g ^ ^ ^ un . 

reference numeral 524. Depending upon ^^^^^tX *> displaying of a number of pages 
doubtedly be a minimum amount of toner that ^^^^^^ is diff ic U tt to measure every last gram 
45 remaining as -i 500 or Less" on the mon.tor screen 500 eflects 524 merely ref lects the preferred 

of toner available in a cartridge The ^^Z S^ZZ^l reached before the more accurate pages re- 
embodiment in which the one-half point of the large pr.nte ^artr.ag Remaining prediction 
mainingprediclionsbecomereca.ibra^ 22QQ remajnjng . As 

is shown at the reference numeral 526. ■ "^^^ 
can be seen from the numenc values presented a the ^ 

-nges in ^J^^J^SZ 
cartridge is temporarily removed from the P"^'^^^ confuse the MARKVISION 

measured toner level may actually increase by -a > the display 500 temporarily removes the needle 51 2 

^^^^^ « CS^Si- baU— -cause a level change from the 
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print engine indicates some uncertainty, such as where the cartridge may have been changed. In this circumstance, 
the RIP in the printer will zero out the Predicted Pages per Gradation (PPG) variable when the print engine sends a 
level change which either increases, or decreases by more than one level from the previously sent value. This unknown 
state will exist for some time after the toner cartridge has been shaken, approximately for the next twenty (20) pages 

s being printed by this printer. After the twenty pages have been printed, if the level increased due to the toner being 
stirred or shaken, then the level should settle down and read as its former actual level. On the other hand, if a new 
cartridge has been installed, then the level will remain at its maximum, such as at the 9/8 gradation level. 

The details of some of the predicted values are now provided, starting with the calculation of Pages Per Gradation 
(PPG). When the engine reports a level change to the RIP, the RIP will attempt to calculate a Predicted Pages per 

w Gradation. If the newly reported toner level was one gradation lower than the last reported level, then the new Pages 
Per Gradation (PPG) is simply the average of the Sheets Printed since Last Transition (SPLT) and the number of 
Sheets Printed during the Previous level (SPPL). If the Sheets Printed during the Previous Level is not known, the 
Sheets Printed since Last Transition is used. If, however, the engine reports a level change in which the level goes up, 
or the level goes down by more than .1 gradation, the PPG is set to 0. A generic computer program to execute these 

is calculations follows: 



If (New Level = Old Level - 1) Then 
If PPG != 0 Then 

NewPPG = {(SPLT + SPPL) / 2} 
Else 

NewPPG = SPLT 
End If 

Else 

NewPPG = 0 
End If 



The definitions for the above variables are: 



35 PPG = Pages Per Gradation 

SPLT = Sheets Printed since Last Transition 
SPPL = Sheets Printed in Previous Level 

Another calculation performed is the "Scaled Pages After Last Level." Since the number of sheets left in the car- 
40 tridge after the last level has been detected by the engine can vary depending upon the toner coverage on a page, the 
host must create the value of 'SPALL" using scaling of the PPG values. The calculation for the determination of the 
Scaled Pages In Last Level (SPALL) is depicted below by a generic computer program: 



45 If ppg > PPG_light Then 

SPALL = PALL_light 

Else 

If PPG < PPG_dark Then 
SPALL = PALL__dark 
Else 

SPALL = {PALL_light - [(PPG_light - PPG) 
(PAL light - PALL__dark) ] / (PPG_light - PPG_dark) ] } 



so 



ss 
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End If 
End If 



The definitions for the above variables are: 

SPALL = Scaled Pages After Last Level 
PALL liqht = Pages After Last Level for a low coverage page 
PALL~dark = Pages After Last Level for a high coverage page 
PPG "light = Average Pages Per Gradatbn for a low coverage page 
PPGldark = Average Pages Per Gradation for a high coverage page 
PPG = Current Pages Per Gradation value 



30 



35 



40 



45 



Another important operation is the cation '^f^P^^^X^ 
Left is the sum of three main components The ^^^^^^^S^^ nave been Printed since the 
and the Current Level (CL). From this value ,s sub ^^^J^^ naM tne level zero point, an 
Last Transition (SPLT). Finally, since the cartridge ,s not °Z^»£m^ two components. This component, 

r^^r^"^ - — - 

presented below. 

PPL = {(PPG * CL) - SPLT + SPALL} 

The definitions for the above variables are: 

PPL = Predicted Pages Left 

PPG = Pages Per Gradation 

CL = Current Level (reported by the engine) 

SPLT = Sheets Printed since Last Transition 

SPALL = Scaled Pages After Last Level 

Another important operation is the calculation ofDays >J'°<» ^ > <™M £ J diaec , ou , 

sr^ e.'sem: ^=r»r^, E mp, y - - JL^ 

f DLT - DPT \ | f Current Date - DLt \ 
DB£ = PPL * ■ ^ 



The definitions for the above variables are : 

DBE = Days Before Empty 
PPL = Predicted Pages Left 
DLT = Date of Last Transition 
DPT = Date of Previous Transition 
SPPL = Sheets Printed in Previous Level 
SPLT = Sheets Printed in Last Transition 
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DLT = Date of Last Transition 

This equation states that Days Before Empty is equal to the average of the "Days Per Sheet" for the last level and 
the Days Per Sheet for the previous level, times the number of predicted pages left. 

The following tables show a detailed listing of the information that passes between the printer and the host computer 
running MARKVISION in connection with the toner prediction system information of the present invention. 



TABLE 1 - NPA specification additions 



Supply Information 
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Co 
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Lcxj 

id: Supptylnforn 

AS 


Host Command 
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The foregoing description of a preferred embodiment of the invention has been presented for purposes of illustration 
and description. It is intended that the scope of the invention be defined by the claims appended hereto. 
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Claims 

1 . A printing apparatus 1 comprising: 



a cartridge containing a toner material that is used to create printing indicia on a print media; an interface 
circuit for measuring the physical quantity of said toner within said cartridge; a memory circuit for storing 
information, and a processing circuit; 
wherein said interface circuit is configured to transmit a toner level signal to said processing circuit, said toner 
45 level signal being related to the physical toner level remaining in said cartridge; and 

said processing circuit is configured to determine a toner usage per printed page statistic based upon the 
previous number of pages that have been printed by said printing apparatus with respect to the physical toner 
level of said cartridge; said loner usage per printed page statistic being used by said processing circuit lo 
predict the number of pages that can be printed using the physical quantity of toner remaining within said 
so cartridge. 

2 The printing apparatus as recited in claim 1 , wherein said processing circuit is configured to use real time from at 
least one time in the past to determine a toner usage per day statistic based upon the previous number of pages 
that have been printed by said printing apparatus with respect to the physical toner level of said cartridge and the 
55 real time at which at least one previous measurement of said physical toner level of the cartridge was taken; said 

toner usage per day statistic being used by said processing circuit to predict the number of days remaining before 
said cartridge effectively runs out of toner material. 
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3. 



Th . pnnting .PP...U, « *m in «» 2 ,,1^^^™™ 

sign,, to said processing circuit ,n gradation ^^^"SS^ST,, stored in .aid W circuit, and 

fs determined, and both said statistics are stored in said memory c.rcurt. 

The printing apparatus as recited in Cairn 2 or 3. wherein said real time is obtained from a host computer that is 
in communLtion with said printing apparatus, and includes both t,me and date. 

The printing apparatus as recited in any P-^~^^ 
computer, wherein 

pages that have been printed us.nj , that pa utojtar «rtnd 9^.^ remainjng . to be printed by the 

o, pages «*» °e.n P*«. — rema "" n9 

. ^ • „io. m c £!nr7 further comDrisinq a second host computer that communicates 
The printing apparatus as reeled .n claim 5, 6 ™ 7 ^™"^™* egc ^ host com puter, and a second visual 
with said printing apparatus via a t^c^unc ^^^^SSl compuli initially contains no prior 
monitor connected to said second host computer where ^^^rtsaaprjntingapparatus. 
history of saidprintingapparatusandtheo ^St^^^oEHSS^rLd remaining toner within 

said printing apparatus. 

9. The printing apparatus as recited in any preceding claim, wherein said printing apparatus comprises a laser printer. 
10 The printing apparatus as recited in any of claims 1 to 8, wherein said printing apparatus comprises an in M et 
printer, and said toner material comprises ink. 

1n . Ame ™— g,™~ 

circuit, said method comprising the steps of: 

(a) muring me actual tone, level remaining in said cartridge, and transmining a corresponding .one, level 

SnirS fba1X°n -id ton'e, usage p., P*.ed page statist* and me r.maintng tone, ,n saK, 



6. 



7. 



8. 



cartridge. 



12. The method as recited in claim 11 , further eompris i"9 the rtep . <* of ^ 

(d) predicting a statistic of toner ievel o/said cartridge and 
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13. The method as recited in claim 12, wherein said physical toner level in the cartridge is reported to said processing 
circuit in gradation levels, the method further comprising the steps of: 

storing the real time and the "new* gradation level in said memory circuit upon the occurrence of a transition 
from one gradation level to another gradation level; 
recalibrating the toner usage per printed page statistic; 
recalibrating the toner usage per day statistic; and 
storing both said statistics in said memory circuit. 

14 The method as recited in claim 12 or 13. further comprising the step of providing a host computer that transmits 
the real time to said printing system via a communications link, wherein said real time includes both time and date. 

1 5 The method as recited in claim 1 4, further comprising the step of providing a display monitor at said host computer, 

* wherein said monitor displays an anologue indication of remaining toner within said cartridge, a numeric quantity 
is relating to the capacity of said cartridge when new, and a numeric quantity relating to the number of pages that 

have been printed using that particular cartridge; and wherein said monitor further displays a "bar chart- of "pre- 
dicted pages remaining" to be printed by the quantity of toner remaining in said cartridge, based upon the previous 
history of toner usage with respect to an actual number of pages that have been printed by said printing apparatus 
using said cartridge. 

20 

16. The method as recited in claim 1 5, further comprising the step of displaying a numeric quantity relating to a predicted 

* number of days remaining before said cartridge effectively runs out of toner material. 

17. The method as recited in claim 14, 15 or 16, further comprising the step of, upon poweron initialization of said 
25 ' host computer, informing said host computer of said remaining toner within said cartridge, said number of pages 

that have been printed, and said predicted pages remaining. 

18 The method as recited in claim 15, further comprising the step of communicating information to a second host 
computer which initially contains no prior history of said printing system, said information being derived from the 
30 other host computer and including information relating to said remaining toner within said cartridge, said number 

of pages that have been printed, and said predicted pages remaining, all relating to said printing system. 
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(57) An improved printer (10) is provided that pre- 
dicts how many pages can be printed before the toner 
or ink cartridge (90) becomes empty, and also predicts 
how much time remains before this toner or ink cartridge 
(90) becomes empty. This prediction is based upon the 
previous printing history of the printer while using this 
particular toner cartridge (90). After measuring the 
quantity of toner left in the toner cartridge, the toner 
measuring device provides a "level change" output sig- 
nal when the remaining toner passes through a prede- 
termined gradation threshold. As each gradation level 
transition occurs, the printer (10) calculates a new value 
for the "pages per gradation" variable, and also calcu- 
lates the number of pages that have been printed since 
the latest cartridge was installed in the printer, the 
number of pages printed since the last level or gradation 
change, and the number of pages or sheets printed be- 
tween the last two level changes. The printer (10) also 
can approximate the amount of toner used in printing a 
particular page o1 print media to create a Toner Tally for 
each printed page, which can be used to judge the 
amount of toner used for one print job and compare that 
to the amount of toner used for a second print job. 
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